years and mean duration of diabetes was 5.5 ± 5.2 years (range 9 months-18 years). In this study mean weight of the patients decreased significantly from 60.5 ± 12.6 kg to 58.5 ± 11.3 kg (p<0.001). Blood pressure reduced but not significantly. Fasting blood glucose showed significant reduction from 10.7 ± 4.2 to 8.9 ± 3.7 mmol/L (p=0.002) Fasting in Ramadan is one of the five pillars of Islam. During this month all adult Muslims abstain not only from eating, drinking, smoking and sexual relations but also from oral drug intake and nutritional intravenous injection from sunrise (dawn) to sunset. 1 Diabetes is a metabolic disorder characterized by high level of blood glucose resulting from defects in insulin production and/or insulin action.
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More than 382 million people have diabetes in the world and there were more than 72 million adults with diabetes in 2013 and it is expected to exceed 123 million by 2035. 2 There were 5.5 million cases of diabetes in Bangladesh in 2012 and this will reach 11 million by the year 2030. Various studies in Bangladesh have reported that the prevalence of diabetes is from 4 to 13% among adults with some variations by rural and urban settings. [3] [4] [5] There are about 1 billion Muslims in the world and more than 50 million people with diabetes fast during Ramadan. 6 Fasting is obligatory for all healthy adult Muslims during Ramadan. 1, 7 Eating and drinking are permitted only after sunset. Muslims typically take two main meals --after sunset and just before dawn. Individuals are exempted from fasting if they are suffering from an illness that could be adversely affected by fasting. During Ramadan month, type 2 DM (T2DM) patients are exposed to changes in meal times, types of foods, use of medication and daily lifestyle and these changes may affect their health. Although The Quran exempts sick people from fasting, many Muslim diabetic patients may not perceive themselves as sick and are keenly interested to fast. The largest epidemiological study of Muslims with diabetes in 13 Muslim countries (EPIDIAR STUDY) showed that 43% of patients with type 1 and 79% of patients with type 2 diabetes fasted during Ramadan. 8 Most of the Muslim diabetic patients still prefer to fast without medical guidance exposing themselves to certain risks as a direct consequence of fasting. 9 Most Muslim religious authorities accept that if a person is advised by a trusted health professional that fasting is harmful to his or her health, then that person is exempted from fasting. 10 In a large observational study, patients who fasted during Ramadan without attending a structured educational session had a four-fold increase in hypoglycemic events whereas those who attended an educational program focusing on Ramadan had a significant decrease in hypoglycemic events. 11 This entails improving patient education as well as tailoring the treatment to meet the needs of this group of people with diabetes to minimize the possible risks. 12 So, having diabetes does not mean that patients cannot fast.
Ramadan fasting affects anthropometric and metabolic parameters of the body. Certain studies have attempted to correlate religious fasting and possible health benefits. [14] [15] [16] Clinical and biochemical effects of fasting among diabetics have been studied before but the results have not been conclusive. Studies have reported substantial weight loss, signs of dehydration, raised serum concentrations of uric acid and cholesterol during Ramadan. 17 Other studies show Ramadan fasting induces a marked increase in high-density lipoprotein cholesterol and decrease in low-density lipoprotein cholesterol. 18, 19 Moreover, variation in these parameters occurs in different countries, societies, cultures which may be due to variation in dietary pattern during Ramadan fast. On the other hand, physicians commonly face the difficult task of advising T2DM patients whether it is safe to fast as well as recommending the dietary and drug regimens which diabetics should follow if they decide to fast. So, diabetic patients need a special attention to monitor any change that affects their health in order to suggest the proper care for them during Ramadan.
The aim of this study was to assess the impact of fasting during Ramadan on the clinical status of patients with diabetes and to evaluate the effects of fasting on their biochemical profiles.
Materials and Methods
This was a prospective observational study conducted in Comilla Diabetic Hospital, a tertiary care specialized diabetic hospital in Bangladesh. The subjects were diabetic patients who agreed to participate in this study and informed consent was taken accordingly. The study was approved by the local ethical committee. Patients who were stable on diet, oral hypoglycemic drugs or insulin were included in this study. Patients less than 18 years old, patients with diabetic ketoacidosis or hyperosmolar hyperglycemic state, recurrent or severe hypoglycemia in the past 3 months, hypoglycemic unawareness, any degree of nephropathy, retinopathy, ischemic heart disease, poor glycemic control and other chronic diseases (e.g. tuberculosis) and pregnant and lactating women were excluded from the study.
The study was carried out in the month of Ramadan of 1434 Hijri calendar year (11 th July to 9 th August, 2013) at two points of time; one week before Ramadan (visit 1) and within last three days before the end of Ramadan (visit 2). All the participants had to fast a minimum of 25 days.
During each visit the height and body weight were recorded and blood specimens were collected for fasting blood sugar, HbA1c, serum lipids and serum creatinine. Hypoglycemic events and other complications of fasting were recorded in visit 2.
The aim of pre-Ramadan visit (visit1) was to assess the physical well being of patients, assess their diabetes control and educate them in adjusting their diet and modification of timing and doses of medication during the month of Ramadan. They were also educated about the warning symptoms of hypoglycemia, dehydration, and any other possible complications. They were advised to break fast as soon as any such complication was noted. However they were instructed to carry on with their usual living habits and physical activity. All study population was advised to take a well planned diet 20 after fasting (iftar) and to pray tarawi prayer regularly. In this study, tarawi prayer was the only physical exercise done by study subjects. Blood specimens were collected for baseline blood levels during visit 1 and within last three days before the end of Ramadan (visit 2) in fasting state (one hour before iftar). During visit 2 they were told to revert back to prior schedule after the Ramadan.
With all aseptic precautions about 5 mL blood was drawn in a fasting state from all participants in each visit. Serum was separated by centrifugation at 4000 round/minute for 10 minutes. Serum was used to estimate total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), creatinine, and blood glucose level. Low-density lipoprotein cholesterol (LDL-C) in mg/dL was calculated by using Friedewald's formula. 21 Data were analyzed using statistical package of social sciences (SPSS) system (version 16.0). Results were expressed as mean ± SD and analyzed by Student's paired t-test. Probability values (p) were considered to be significant if it was less than 0.05.
Results
Fifty five patients were enrolled initially for the study. Three patients were excluded as they could not complete fasting a minimum of 25 days. Finally there were 52 diabetic patients, 30 males (62.8%) and 22 females (37.2%) with a mean age of 54.7 ± 11.55 (35-80) years. The mean duration of diabetes was 5.5 ± 5.2 years (9 months-18 years). Thirty five patients (67.3%) were taking oral hypoglycemic agent, 7 patients (13.5%) were on insulin and remaining 10 patients (19.2%) were on only dietary measures. The details of anthropometric and laboratory values are summarized in Table I . In this study there was significant weight reduction (p<0.001) by the end of Ramadan fast. Blood pressure also reduced but it was not significant. Fasting blood sugar showed significant reduction (p=0.002) at the end of the study but HbA1C showed no significant change. This may be due to short duration of study period (1 month) to see any effect on HbA1C. Serum lipid profile and creatinine values did not show any significant changes. There was no hypoglycemic episode.
Discussion
This study was conducted in Bangladeshi population to observe the effects of fasting on anthropometric measures and metabolic profiles among T2DM patients.
In this study, the mean weight of the patients reduced significantly during the month of Ramadan. This was probably due to a decrease in the number of meals (two meals instead of three meals) that significantly contributed to reduce the amount of calorie intake during Ramadan as compared to pre-Ramadan period. Loss of the midday meals which is the principal meals in our dietary pattern may be another cause. Review of some literatures shows controversy about weight changes in diabetics during Ramadan. 22, 23 Some studies show weight gain instead of loss while others show no change. [24] [25] [26] It has 95 been attributed to reduced daily activities by diabetics for fear of hypoglycemia. It has also been reported that overweight persons lose more weight than normal or underweight subjects. 27 The effect of Ramadan fasting on lipid profile is different in published articles and this may be due to a change in the dietary regimen during Ramadan, decreased activity and some cultural norms. This is attributed by the researcher to higher consumption of dietary fat, especially the saturated fatty acids and dietary cholesterol during the month. A previous study reported that dietary fat, particularly saturated fat, was higher in the diet during Ramadan month. 28 Similar findings were found in the study by Chamakhi et al 29 where there was an increase in total cholesterol (TC) levels during Ramadan month among T2DM patients. Another study found significantly increased TC levels with the high fat diet and compared to the levels obtained after the high CHO diet. 30 In the present study there is no significant change in TC level which is similar to the study done by Dehgan et al 31 who found no change in TC levels during Ramadan month among T2DM patients. In contrast to the present findings, Gumaa et al 32 found a significant decrease in TC levels among patients with T2DM.
In this study, there was no difference in serum triglyceride levels between pre-Ramadan and within last three days before the end of Ramadan. This finding is consistent with that found by Sulimani et al. 26 This may be due to a well structured dietary plan and also regular exercise (tarawi prayer). In some studies, it increased significantly during Ramadan. 32, 33 Elevated blood triglyceride (TG) levels may be due to the consumption of high-carbohydrate diets accompanied by less exercise during this month. In contrast, Yarahmadi et al 34 reported a statistically significant decrease in blood TG levels during the month of Ramadan among T2DM patients.
LDL-C level in T2DM with fasting showed inconsistent result in majority of studies. One study showed significant increase 33 , another showed significant decrease 35 and another study revealed no change. 36 In this study, there is no change in LDL-C level in T2DM during fasting.
Like TG and LDL-C, HDL-C level in T2DM showed no significant changes during Ramadan. This result is similar to the study done by Yarahmadi et al in T2DM patients. 34 Toth 37 showed significant reduction in HDL-C level which may be due to decline in physical activity and sedentary lifestyle during the Ramadan. Another cause of physical inactivity in diabetic patients may be fear of hypoglycemia. In this study, there was no change in HDL-C level during fasting which may be due to regular tarawi prayer. So, this can be recommended as substitution for regular walking during the period of Ramadan in T2DM. Some studies showed statistically significant increase in HDL-C level in T2DM during Ramadan. 36, 38 In this study, fasting blood glucose (FBG) level of preRamadan period was compared with blood glucose one hour before iftar. There is statistically significant reduction in FBG level by the end of Ramadan month compared to pre-Ramadan among T2DM patients with no change in HbA1C. This may be due to decrease in the number of meals during Ramadan, and in turn to low calorie intake and the consequent depletion in glycogen stores. Few studies support this interpretation 39, 40 , but Mahboob et al showed no statistically significant changes in FBG levels at the end of Ramadan. 41 These controversial data regarding the impact of fasting on blood sugar can be due to a quantitative and qualitative food diversity consumed by the patients during the period of fasting, but also to the difference in the eating habit of the studied populations. Other factors such as the regular taking of medicines, the daily length of fasting, the individual variations in the quantity of blood glucose and the lack of physical exercise were also found to influence the outcome. 42 The present finding of HbA1C levels among study subjects was consistent with the study done by Yarahmadi et al 34 . On the other hand, other research studies have reported a statistically significant decrease in blood HbA1C levels during the month of Ramadan among T2DM patients. 41 Mafauzy et al 22 showed that Ramadan fasting was associated with no statistically significant change in serum creatinine levels among T2DM patients which is similar to this study. But Saada et al 43 found statistically significant reduction in blood creatinine levels among T2DM patients.
The results of this study show that the effects of fasting during Ramadan on stable diabetic patients are minimal. 
